*Corresponding author's address: Resource Systems Group, Inc., 55 Railroad Row, White River Junction, VT 05001, kkaliski@rsginc.com Modeling done for wind farms usually focuses on calculating a worst-case short term average sound level. However, the impact to homes is not simply defined by a single meteorological condition. Rather, a more complete picture of the impacts is given by calculating sound levels under various meteorological conditions that occur during the year. The actual sound level at a receiver will depend on variations in atmospheric stability, wind speed, wind direction, and other parameters that change hourly. This paper will describe a method to calculate hourly sound pressure levels for individual receivers over the course of an 8760 h year and give examples of different wind farm configurations and how they affect annualized sound levels.
Sound propagation is affected by meteorology. Temperature, pressure, and humidity affect the level of sound absorbed by the atmosphere. Wind direction combined with the vertical wind speed gradient affects the refraction of sound (and to some extent, the directionality of the sound.) Temperature and turbulence also affect refraction and scattering. These latter three variables can be simplified into a term "atmospheric stability" which we will use here to simplify meteorological parameters affecting propagation.
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Page 5 Atmospheric absorption is a function of temperature, humidity, and pressure. For wind farm modeling, we use a default of 10 degrees C and 70% relative humidity, as this generally yields the lowest attenuation (from ISO 9613-1). Other combinations of humidity and temperature yield lower sound levels due to increased atmospheric absorption. The graph above shows the additional attenuation one would get for a single wind turbine at 1 km, relative to the absorption at 10 degrees C and 70% humidity. As shown, the lowest sound levels would occur around freezing temperatures and dry conditions. The results show higher attenuation at very hot and dry conditions, but these are not typical of most landscapes.
Temperature also affects propagation. With a normal adiabatic lapse (decreasing temperature with height), sound refracts upward, creating shadow zones on both sides of the source. With a temperature inversion, which typically only occurs at night, temperature increases with height up to a point, and downward refraction occurs. (Crocker 2007) The chart above shows the change in sound level according to Concawe, as modeled in Cadna A, for a wind turbine modeled as a point source with an 80 meter height, with a 3 m/s wind. As shown, increasing stability from B to D increases downwind propagation by about 5 dB. There is little change downwind from Class D to F downwind. However, upwind propagation increases more as we change from Class D to F.
Next, we adjust the modeled sound level if the wind speed is anything other than that creating the maximum sound power. For example, if the wind speed is below the 3 m/s cut-in, the sound level is set to zero. Given that sound emissions are not fixed, but have a confidence interval, we can then randomly adjust the sound emissions using a normal distribution about the mean. In the end, we get hourly sound levels. As shown in the graph above, we see the maximum, but, in this case, sound levels are concentrated at levels that are roughly 10 dB lower than the maximum. Note that while the meteorological data used is real and the modeling results are real, we have combined the model and met data from different sites such that this example does not represent a specific place.
